Abstract: Setal variability and the other morphological characters of juvenile stages and adult of Hydrozetes lemnae (Coggi, 1897) and H. thienemanni Strenzke, 1943 were investigated. In the juveniles of both species the length and shape of some setae vary, especially in the gastronotic region, more so in H. lemnae, which is parthenogenetic and reproduces by thelytoky, than in H. thienemanni, which is dioecious. The former species usually has more thick setae in the anterior and medial regions of the gastronotum, especially in the larva, compared to the latter. In the juveniles of H. lemnae the prodorsal setae le and in are longer, and in the nymphs the gastronotal setae of the l-series are usually longer than in H. thienemanni. These species differ distinctly by the number of long setae in the posterior part of the nymphs; in H. lemnae three pairs of long setae occur, while in H. thienemanni only two pairs; the respective juvenile stages of H. lemnae are also smaller than those of H. thienemanni. In the adults the number of c-series setae varies, as seta c1 is lost, and in some individuals also seta c3, and only seta c2 remains.
Introduction
Hydrozetes lemnae (Coggi, 1897) and H. thienemanni Strenzke, 1943 are aquatic species, like H. lacustris (Michael, 1882) and H. octosetosus Willmann, 1932, which were studied earlier (Seniczak et al. 2007 ). The species name of H. lemnae indicates its preference for duckweed (Lemna sp.) , where adults occur abundantly on the surface of plants, while the juveniles burrow inside (Walter & Proctor 1999) . It is the smallest species among European Hydrozetes, common and rather abundant. For example, in the small lake in the Myślęcinek Botanical Garden in Bydgoszcz (Poland), the density of this species in duckweed was on average 1,210 individuals in 500 cm 3 (n = 10). Probably therefore it is often found in the gills and throat epithelium of fish and other aquatic animals, and was even suspected to be a parasite. However, Grandjean (1949a) clearly explained that this species is not a parasite, but it often attaches to mucous membranes with its long and stiff legs, supported by sharp claws.
The adults of H. lemnae and H. thienemanni are relatively well defined (Grandjean 1948; Weigmann 2006) , and easily distinguished from another common species, like H. lacustris. In H. lemnae and H. thienemanni the sensillus is usually well developed and clavate, while in H. lacustris it is small, usually setiform, or absent. In H. lacustris the notogastral setae are intermediate in length between the long setae of H. lemnae and short setae of H. thienemanni. Additionally, in H. thienemanni seta le inserts distinctly anterior to the apex of the lamella, while in the other European species it inserts at the apex. Hydrozetes lemnae is sometimes confused with H. confervae Schrank, 1781, but the latter species is dioecious, like H. thienemanni, while H. lemnae is parthenogenetic (Grandjean 1948) and reproduces by thelytoky.
In contrast, the juvenile stages of H. lemnae and H. thienemanni are still poorly known, creating problems with their identification in ecological investigations. The larvae of these species are unknown, while the nymphs were partly investigated by Grandjean (1948) and Weigmann & Deichsel (2006) ; the latter authors also prepared a key to nymphs of five European species, including H. lemnae and H. thienemanni. Grandjean (1948) mentioned the variation of gastronotal setae in the nymphs of H. lemnae and H. thienemanni, while Weigmann & Deichsel (2006) showed it only in H. lemnae. In reality, setal variation occurs in the larva and nymphal stages of both species, but it has not been investigated in details.
Hydrozetes lemnae is semicosmopolitan and occurs in the Palaearctic occidental, Oriental, Australian, and Neotropical regions (Subías 2004) , and also in the Nearctic region (R.A. Norton, personal communication), while H. thienemanni occurs in the Holarctic region (Subías 2004) . Hydrozetes incisus described by Grandjean (1948) , is considered as a junior synonym of H. thienemanni (Grandjean 1949b) .
The aim of this paper is to describe the setal vari- ability and the other morphological characteristics of juvenile stages and adults of the parthenogenetic H. lemnae and the dioecious H. thienemanni, considering mainly those morphological characteristics that can be useful in species identification in ecological studies. The morphology of juvenile stages of H. lemnae and H. thienemanni will also be useful in preparing more precise species diagnoses.
Material and methods
The • 53 15 E) in the Tuchola Forest (Poland), where they were distinctly more abundant than the co-occurring H. lemnae. The ontogeny of both species is similar to that of H. lacustris, which was described earlier (Seniczak et al. 2007 ), therefore our descriptions and drawings are limited to the dorsal aspect of the larva and tritonymph, anal region of the larva and anogenital region Larva c 1 , da-dp 0 3 4 c 1 , da-dm 2 1 9 c 1 , da, dm, dp (1) 0 13
Total 26 67
Nymphs c 1 -c 3 , da-dp 139 0 c 1 -c 3 , da-dp, la 355 0 c 1 -c 3 , da-dp, la (1) 61 0 c 1 -c 3 , da-dp, la, lm (1) 1 0 c 1 -c 2 , c 3 (1), da-dp 19 0 c 1 -c 2 , c 3 (1), da-dp, la (1) 2 0 c 1 , c 2 (1), c 3 (1), da-dp 21 0 c 1 -c 2 , da-dp 20 6 c 1 -c 2 , da-dp, la (1) 1 0 c 1 , c 2 (1), da-dp 87 2 c 1 , c 2 (1), da-dm, dp (1) 2 0 c 1 , da-dp 281 88 c 1 , da-dm 0 1 c 1 , da-dm, dp (1) 0 2 c 1 , da (1), dm-dp 0 1 c 1 (1), da-dp 1 0
Total 990 100 of the tritonymph. Adults of H. lemnae and H. thienemanni were also investigated and illustrated to document the development of setation during ontogeny. All observations were done on slide mounted mites. Terminology used follows Grandjean (Travé & Vachon 1975) .
Results
Morphology of larva and tritonymph of Hydrozetes lemnae Larva (Figs 1, 2A ). Shape oval, body flesh-coloured. Prodorsum triangular, finely porose, lateral part with small pits. Seta ro rather short, setae le and in distinctly longer; all setae barbed, seta ex short and smooth. Seta le longest, seta ex shortest. Bothridium (bo) weakly developed, sensillus (ss) long, setiform. Gastronotal region with 12 pairs of setae, including seta h 3 positioned near anal opening. Lateral and posterior setae long, stiff, barbed and pointed, while some anterior and medial setae can be short and smooth or long, stiff and barbed, and vary in their identity and symmetry (Table 1) . Seta h 2 distinctly longer than h 1 , seta h 3 short and smooth. Opisthosomal gland opening (gla) near seta lm. Gastronotal and anal regions with pits. Tritonymph ( Figs 2B, 3 ). Prodorsum triangular, porose, lateral part wrinkled. Setae ro and ex short and smooth, setae le and in distinctly longer, thick, stiff, pointed and barbed. Bothridium weakly developed, sensillus long, setiform.
Gastronotal region with 15 pairs of setae. Setae la and lm longer than anterior and centrodorsal setae, stiff, barbed and pointed; lateral setae usually increase in length from anterior to posterior. Some anterior and centrodorsal setae can also be longer, stiff and barbed, and variable in pattern (Table 1 ). Setae h 3 and p 1 long, stiff, barbed and pointed, like seta lm, while setae lp, h 2 and h 1 as long as body length and smooth. Setae lp, h-series and p 1 positioned on small apophyses. Opening gla near seta lm. Central part of gastronotal region with pits.
Genital valves with 5 pairs of setae, seta ag present (Fig. 2B) . Setae p 2 and p 3 small, like 3 pairs of adanal setae (ad 1 -ad 3 ), situated near anal opening, anal valves with 2 pairs of setae; all setae short, thin and smooth. Anogenital region with pits.
Morphology of larva and tritonymph of Hydrozetes thienemanni Larva and tritonymph of H. thienemanni are generally similar to those of H. lemnae, including variability, but they differ from those of H. lemnae by the following morphological characters: 1. The degree of variability of anterior and central gastronotal setae; in H. thienemanni this variability is lower than in H. lemnae; compared to H. lemnae, H. thienemanni has more thin setae, especially in the larva (Tables 1, 2 ). 2. The length of gastronotal l-series setae in the nymphs; in H. thienemanni these setae are usually shorter than in H. lemnae. 3. The number of long setae in the posterior part of the nymphs; H. thienemanni has 2 pairs (h 1 , h 2 ), while H. lemnae has 3 pairs (lp, h 1 , h 2 ). 4. The length of setae le and in in all juvenile stages; in H. thienemanni these setae are shorter than in H. lemnae (Table 3) . 5. The shape of some setae on tarsus I and II of tritonymphs; in H. thienemanni tarsus I has thicker seta pl' and shorter seta pv' than in H. lemnae, while tarsus II has longer seta pv', s and a' than in H. lemnae (Fig. 7) . 6. Body size; the respective stages of H. thienemanni are larger than those of H. lemnae (Table 3) .
Development of setation
The number of setae on the prodorsum remains similar during ontogeny of H. lemnae and H. thienemanni. These species differ from each other mainly by the size of setae le and in (Table 3) , which in the former species are longer, especially seta in, than in the latter species. The bothridium is weakly developed in all juvenile stages, with long, setiform sensillus, while in the adult it is well developed, with a clavate sensillus (Figs 8, 9 ). However, in some adults the sensillus is setiform on one or both sides or is indistinct, as in H. lacustris and H. octosetosus. Among 1,588 investigated adults of H. lemnae from the small lake in the Myślęcinek Botanical Garden in Bydgoszcz, 1,550 had both sensilli clavate, and 38 had a setiform sensillus on one (35 specimens) or both sides (3 spec- Explanations: L -larva, PN -protonymph, DN -deutonymph, TN -tritonymph, AD -adult, nd -not developed, re -reduced. imens). Among 250 adults of H. thienemanni from the forest lake Pruszcz 2 in the Tuchola Forest, 169 had both sensilli clavate, and 81 had a setiform sensillus on one (41 specimens) or both sides (40 specimens). Numerical changes during ontogeny of the gastronotal setae of H. lemnae and H. thienemanni are the same as in H. lacustris, which was investigated earlier (Seniczak et al. 2007 ). There are 12 pairs of gastronotal setae in the larva and 15 pairs in the protonymph, which adds 3 pairs of pseudanal setae (p 1 -p 3 ) to seg- ment PS. Also, beginning with this nymph and continuing to the deuto-and tritonymph, 2 or 3 setae dramatically change the shape, becoming about as long as the body: these are pairs lp, h 1 and h 2 in H. lemnae and h 1 and h 2 in H. thienemanni.
In both species certain gastronotal setae of juveniles are variable in shape, either small and smooth or relatively long, thick, stiff and barbed, especially setae c 3 , lm and lp. This variability is more common in parthenogenetic H. lemnae than in dioecious H. thienemanni, and is the most distinct in the anterior and medial part of gastronotal region of larva of H. lemnae (Tables 1, 2). Most larvae of H. lemnae had 2 pairs of small setae (c 1 , da), while those of H. thienemanni had 4 pairs (c 1 , da, dm, dp). Two larvae of H. lemnae had all gastronotal setae long. Most nymphs of H. lemnae had 7 pairs of small setae (c 1 -c 3 , da-dp, la), while most those of H. thienemanni had 4 pairs (c 1 , da-dp).
In the deutonymph of both species 3 pairs of adanal setae (ad 1 -ad 3 ) appear on segment AD, and continue to the tritonymph and adult, while in the tritonymph two pairs of setae appear on anal valves and continue to the adult. In both species the coxisternal setal formula is 3-1-2 in the larva, 3-1-2-1 in the protonymph, 3-1-2-2 in the deutonymph and 3-1-2-3 in the tritonymph and adult. In the larva seta 1c is scaliform and covers Claparede's organ (Grandjean 1963) . In both species the formula of genital setae is 1-3-5-6 (protonymph to adult). In the adults of both species setal pair c 2 is present, but c 1 and c 3 are usually lost between tritonymph and adult. While pair c 1 seems always absent, c 3 is variable to different degrees in the two species. Among 1,588 studied adults of H. lemnae from the Myślęcinek Botanical Garden, 84.4% lacked setae c 3 , with the remainder having seta c 3 on one (13.2%) or both sides (2.4%). Among 250 adults of H. thienemanni from lake Pruszcz 2, 95.4% lacked setae c 3 , with the remainder having one seta c 3 .
The morphology of females of H. thienemanni is generally similar to that of males, but the latter are slightly smaller. In the populations of adults in lake Pruszcz 2 females dominated, and sex ratio of females to males was 2.15:1 (820:382).
Discussion and remarks
Setal variability of Hydrozetes lemnae and H. thienemanni is an interesting subject to study, as the former species is parthenogenetic (Grandjean 1948) , and reproduces by thelytoky, while the latter is dioecious. Parthenogenesis is very useful way of reproduction for populations of mites, because all individuals are females, and where living conditions are good, they are able to increase the density quickly. In contrast, in population of H. thienemanni females consist only 2/3 of total adults. From evolutionary point of view parthenogenesis seems to be 'dead ends' by lacking genetic variation from sexual reproduction. In reality, the taxonomic distribution of thelytoky in oribatid mites is unusual, and is characteristic of whole genera and families (Palmer & Norton 1991) .
The obtained results indicate that setal variability of the partenogenetic species H. lemnae is higher than in dioecious H. thienemanni. This observation is consistent with Maraun et al. (2003) , who investigated this problem on molecular level, and discovered that generic variability of closely related parthenogenetic species was four times greater than between closely related sexual species.
The juvenile stages of H. lemnae and H. thienemanni are similar to each other in having rather stiff and barbed setae le and in on the prodorsum, and some setae in the gastronotal region (usually setae c 3 , la, lm); in the former species these setae are longer than in the latter. The length and shape of gastronotal setae are variable in both H. lemnae and H. thienemanni, but more in the former species. This differentiates them from similar stages of H. lacustris, in which these setae are thin and flexible (Weigmann & Deichsel 2006; Seniczak et al. 2007 ). Therefore, these morphological characteristics may be used to separate the juvenile stages of these species in ecological investigations and also to enrich the diagnoses of species.
The morphology of nymphal stages of H. lemnae and H. thienemanni studied here is consistent with that described and illustrated by Grandjean (1948) and Weigmann & Deichsel (2006) . These authors also observed three pairs of long setae in the posterior part of the body of nymphs of H. lemnae, and two pairs in H. thienemanni. Grandjean (1948) indicated that both species, but especially H. lemnae, have lateral gastronotal setae (c 3 , la, lm) longer or thicker than central setae, while Weigmann & Deichsel (2006) showed this to be true only in H. lemnae. Nevertheless, this morphological character of H. lemnae was not used by the latter authors in their key to the nymphs of European species to separate H. lemnae from H. lacustris; these species are indicated to have three pairs of long setae in the posterior part of the body. Based on our observations, nymphs of H. lemnae can be easily separated from H. lacustris by the length and shape of prodorsal and gastronotal setae; in H. lemnae some of these setae are stiff and barbed, and sometimes long, while in H. lacustris all setae are flexible and smooth.
While adults of both species have clavate sensilli, they can be distinguished by several morphological characteristics, mainly: 1. The length of dorsal setae: in H. lemnae these are distinctly longer than in H. thienemanni (Table 3) . 2. The position of seta in: in H. lemnae this seta inserts on the apex of the lamella, while in H. theinemanni it inserts anterior to the lamella, slightly removed from its apex.
3. The body size: H. lemnae is smaller than H. thienemanni (Table 3) .
Although adults of H. lemnae have rather long notogastral setae, some variability apparently occurs; both Kunst (1971) and Olszanowski (1996) show this species to have somewhat shorter notogastral setae than those studied here. In the H. lemnae and H. thienemanni adults the regressive loss of setae c 1 and c 3 (compared to the tritonymph) is well advanced, since their frequency of occurrence is low; the loss is less advanced in H. lacustris and H. octosetosus, which were investigated earlier (Seniczak et al.2007 ).
